Purpose: To disseminate the current knowledge about the intestinal inflammatory processes in children and its approach by ultrasound (US) and provide necessary information to pediatricians for early diagnosis through this complementary method. Source of Data: The sources of data were selected by Medline, the international manuscripts, international medical journals more relevant in the last 20 years about Gray Scale and Color Doppler Ultrasound in the evaluation of inflammatory bowel disease in children and adolescents. Conclusions: Several authors have suggested that the ultrasound should be the first study in the diagnostic investigation process in suspected inflammatory bowel disease to determine the most affected region and monitor the therapy response. While colonoscopy still remains as the reference diagnostic method, the literature suggests that US can be an extremely useful tool in the context of the suspected diagnosis of a wide variety of intestinal inflammatory processes in children.
Introduction
Abdominal pain, diarrhea, bowel's bleeding and weight loss are very common symptoms in children and adolescents. These signs or symptoms, which could be indicating an intestinal inflammatory process, represent the majority of reasons for consultation with pediatric gastroenterologists. The intestinal inflammatory processes in children may present with these nonspecific symptoms or signs and characteristics of different diseases. Among children, the diagnosis of inflammatory bowel disease (IBD) is often missed or delayed because of the nonspecific nature of the intestinal and extra-intestinal symptoms at presentation which overlap functional bowel disorders. This requires the pediatrician to address a wide range of differential diagnoses and multiple diagnoses excluded by invasive studies, such as contrast radiological and endoscopic studies. Currently, however, it has several additional non-invasive tests which can help diagnosis. The aim of this review is to discuss the current knowledge about the intestinal inflammatory processes in children and its approach by ultrasound.
Intestinal Inflammatory Processes
The term intestinal inflammatory process covers a very heterogeneous group of diseases. These include, for example, IBD, allergic processes, vascular and infectious and polyps. The IBD is a chronic disease of unknown etiology that occurs with periods of remission and relapse, but is able to develop an inflammatory reaction in the lining of the digestive tract of immunological nature. Based on clinical, radiological, endoscopic and histological characteristics, is classified as: Crohn's disease (CD), ulcerative colitis (UC) and Indeterminate Colitis (IC). The inclusion of this third category is the fact that 10% to 15% of patients did not have specific macro and microscopically well defined [1, 2] .
In agreement with several epidemiological studies conducted in Western countries, it was demonstrated recently, an increase of 10 times the incidence of IBD in children in Italy, between 1979 and 2002 [3, 4] . Even in the pediatric population with suspicion of IBD, it is initiated an investigation to establish the diagnosis early. The delay in diagnosis involves not only acute problems such as anemia and infections, but also irreversible adverse effects on growth and development of the child [5, 6] .
The CD is an inflammatory disease that affects all segments of the digestive tract, so not continuously (alternating with normal mucosa compromised). The lesion may be located anywhere in the digestive tract from mouth to anus, reaching across the wall thickness (transmural). Onset may be insidious or abrupt, similar to a picture of acute abdomen, such as acute appendicitis. The slow start can occur with abdominal pain, diarrhea with malabsorption, the small is affected, or bloody diarrhea, if there is injury to the colon. Eventually, it can evolve only with fever; fall in the group of patients with fever of unknown origin [7, 8] .
The intestinal neovascularization, which occurs mainly in DII in activity, is related to the increase in serum levels of fibroblast growth factor and with an intense stimulation of angiogeneses [9] . The increased vascularity was demonstrated, both histologically as angiographically, and by colonoscopy. Colonoscopies are indices of disease activity, which help in deciding the modality in the diagnosis and therapy of recidivas [10] [11] [12] . An endoscopy is an indispensable tool in the diagnosis of intestinal inflammatory processes, but is an invasive method, a cost high and requires general anesthesia [13] .
New non-invasive serological tests, however, have emerged with the intent to facilitate the differential diagnosis, creating conditions for the establishment of the stage of disease, can follow its evolution and therapeutic response. Many noninvasive methods that can be used in monitoring of patients with IBD are laboratory tests, such as values of sedimentation globular, C-reactive protein, calciprotein and faecal alpha 1 antitrypsin between fecal and others [14] .
According to the study of Ruess et al. [15] , GS and color Doppler significant changes were noted in disease activity in patients with IBD who underwent treatment. Seventeen patients were studied, thirteen with CD and four with UC. All had at least one intestinal segment abnormal, thickened and hyperemic. The wall was considered thickened when it was greater than 3 mm, and hyperemic, according to the degree of Doppler: grade 1 (no blood), grade 2 (minimal vascularization or 1 to 5 pixels/ square inch), grade 3 (vascularization moderate or greater than 5 pixels/square cm), grade 4 (large increase in vascularization, including vessels or discrete areas of vascular confluence). Ultrasound examinations were performed with the control in color Doppler, assessing such segments, which was gradual reduction of both the thickness of the bowel as the degree of vascularization Doppler, together with clinical improvement of patients [15] .
Cow's milk allergy (CMA) manifests itself during the first months of life, producing an inflammatory intestinal important. The gastrointestinal manifestations include chronic diarrhea with malabsorption, gastroesophageal reflux, constipation, vomiting, poor weight gain, anemia and upper gastrointestinal bleeding and low imunity [16] . Such changes gastrointestinal disease states that may be suggested by radiological contrast studies and ultrasound sonografia [17] . In this case, patients may present antropyloric dyskinesia (pyloric spasm) with delayed gastric emptying. These can be highlighted, both by contrast radiography of the stomach and duodenum, as by scintigraphy. In some cases, ultrasound may also demonstrate antral mucosal thickening. The colitis is common in these patients and is demonstrated by colonoscopy. Patenaude [18] described the first case of CMA, whose diagnosis was suggested by US, 39 studied a patient for two months of life in exclusive breastfeeding, which was evaluated by presenting part of vomiting, stool with a history of blood and important history of irritability. Hypertrophic stenosis of pylorus, and infectious colitis aganglionosis were discarded. In ultrasound studies, a left spastic colon was found, with loss of differentiation of the layers of the intestinal wall and a marked thickening of the mucosa and submucosa. These findings were not seen again, after five days of treatment formula based on hydrolyzed protein, and diet of exclusion, with complete restoration of the normal US standard.
Inflammatory or juvenile polyps usually occur between four and ten years of age and can present as points of blood in the stool or sometimes with bleeding profusely, painless, and that usually does not cause hemodynamic serious disturbance. The juvenile polyps are usually single and bleeding can express their self-amputation.
Among other intestinal inflammatory processes, we can mention those of vascular origin, and the most common are: Henoch Schonlein Purpura of idiopathic and vasculitis. There are the infectious processes, among which you can highlight those related to diarrhea associated with Clostridium difficile and intestinal, among others.
Gray Scale and Color Doppler Ultrasound
The ultrasound (US) is one of the methods of diagnostic imaging more versatile and has the advantage of being noninvasive, less costly, and easily repeatable, and thus can be very useful in following up patients with IBD [19] . It is a very safe diagnostic procedure that uses high frequency sound waves to create images of internal structures of the body. The US equipment provides a bi dimensional view in a gray scale (GS) with the color and pulsate Doppler. The effect on color Doppler detects structures in motion, such as blood flow within a vessel. The color of Doppler represents the vessels of anatomical tissues and organs in different colors. The red color represents the flow towards the probe, blue represents the flow moving away the probe and yellow and white a high speed or turbulent flow. The pulsate Doppler is the flow inside the blood vessel through a graph.
In recent years, the US has been increasingly used in pediatric population, in the initial evaluation of gastrointestinal inflammatory processes, acute and chronic, such as appendicitis, inflammatory bowel disease, food allergy and polyposis, among others (Figures 1(a) and (b) ) [20] [21] [22] [23] . In prospective controlled study with 62 neonates were evaluated for sensitivity and specificity of color Doppler, compared to simple abdominal radiology in the diagnosis of enterocolitis necrosante. It results showed a higher sensitivity and specificity of color Doppler ultrasound, suggesting that this study is part of the initial assessment of any neonate with clinical features sugges- tive of necrotizing enterocolitis. It was found that the absence of flow in the intestinal wall, suggesting ischemia, and increased vascularization of the same, indicating an inflammatory process incipient, are aspects that facilitate the clinical management early [24] .
The value of color Doppler in the evaluation of children and adults with intestinal inflammatory processes is already well established, and the resource has already been used for some years [25] [26] [27] [28] . The first studies in children were performed by Quillin and Siege [29, 30] that noted that in the color Doppler can differentiate extrinsic causes of intestinal disease, such as peritonitis, to primary intestinal processes and identify different locations compromised. Several authors have suggested US as the first study to be conducted in the diagnostic investigation process of suspected inflammatory bowel disease [13, [31] [32] [33] .
Grey-scale sonography can evaluate the severity of wall thickening, the extent and distribution of colitis and transmural colitis, and the involvement of small bowel. In most studies, the bowel is considered to be thickened when the wall diameter exceeds 3 mm [19, 34] . In 1997, Siegel et al. [35] evaluated using GS and color Doppler 37 children with various intestinal inflammatory processes. They concluded that age, location of disease, the thickening of the intestinal wall and the flow are the most important predictors of type of disease, or ischemic, inflammatory or vascular. The thickness of the intestinal wall in patients with inflammatory diseases was 7.8 mm ± 2.7 mm, in patients with vasculitis, 7.6 mm ± 1.6, and in patients with ischemia, 14.6 ± 3.6 mm, and the difference statistically significant. This study also evaluated the bowel wall flows and the wall echotexture and related those findings to the clinic diagnosis. The diagnostic performance of intestinal thickness in assessment of severe inflammatory processes is well established in the literature for other authors [36] [37] [38] [39] .
Spalinger et al. [40] evaluating patients with Crohn's disease, showed that the positive predictive value of US study in the determination of inflammatory processes, increases considerably when the thickness is assessed jointly and intestinal vasculature. Colour Doppler sonography can detect increases in bowel wall perfusion and show changes in disease activity in paediatric patients with bowel inflammation [15] . So called 'vessel density' on Doppler US has been shown to be an indicator with respect to disease activity and has been used to evaluate risk of relapse, but cannot provide information on the severity of disease [34, 41] .
The current literature shows excellent sensitivity of between 78% and 96% with specificity between 67% and 100% for US in IBD [42] . Limitations of this modality are operator dependence and difficulties to assess anatomical region by air-filled bowel or large body habitus [43, 44] . Moreover, with the in color Doppler, it observed an increase in flow in the intestinal mucosa and transmural in patients with a wide variety of inflammatory bowel disease, but these ultrasound findings, are not specific to any type of disease, as any inflammatory process produces neovascularization. In the inflammatory process, Crohn's disease usually affects the terminal ileum and right colon, ulcerative retocolitis usually affects distal segments of colon (rectum and sigmoid) or the entire colon and pseudomembranous colitis the entire colon or the right colon. In the vasculitis process like allergic purpura usually affects the small bowel. Finally in the ischemic process, neutropenic typhlitis usually affects the right colon, and hemolytic uremic syndrome (ischemia) usually affects right colon or entire colon [34] .
Colonoscopy and Histopathology Study
The colonoscopy examination in children is being used with increasing frequency in recent years. Accurate and safe, allows diagnosis of lesions under direct vision in the rectum, colon and ileum and collecting material for pathological examination also allows the treatment of various pathologies, in pediatric normal and present in these segments, such as the polypectomy. The success in evaluating the ileum by penetration through the ileocecal valve depends on the experience of the endoscopist. In adult patients, the ileum is seen in about 90% of examinations, but this percentage is lower in pediatric patients (Figure 2) [4] .
The main indications for colonoscopy, in Pediatrics, are: lower gastrointestinal bleeding, chronic diarrhea with blood, perianal fistulas, and familial polyposis as shown in Table 1 . The main complications of the colonoscopy study are bleeding and perforation, which occurs mainly in children and with intense mucosal inflammatory process. Risk factors for perforation include severe colitis and polypectomy. Other complications result from the preparation of the colon (dehydration, bac- Even with a normal colonoscopy examination, the biopsies are essential to assist in the diagnostic investigation and exclude microscopic changes. Biopsies of the ileum and colon have a key role in the establishment of the causes of chronic diarrhea, in distinction from various forms of colitis, in determining the extent of diseases and check the appearance of neoplasms in patients with chronic colitis and DII. The histological diagnosis of colitis is determined mainly from the evaluation of the architecture of the epithelium, the lamina propria cellularity, presence of polymorphonuclear neutrophils, or eosinophilic infiltrate and epithelial changes (Figure 3 ).
Conclusion
Several authors have suggested that US is the first study in the diagnostic process in suspected inflammatory bowel disease to determine the most affected region and monitor the therapy response. While colonoscopy still remains as the reference diagnostic method, the literature suggests that US can be an extremely useful tool in the context of the suspected diagnosis of a wide variety of intestinal inflammatory processes. The recent advances achieved with the new techniques have enabled the US to this method as a promising indication for the screening of these patients. This modality allows evaluating bowel segments, which are difficult to access by other methods, and perform diagnostics more often and early. The observation of an inflamed bowel segment in the GS and in color Doppler alerts the doctor about changes of the intestine, and increases the acceptance of parents as the indication of a more invasive, as colonoscopy. At the same time, if the ultrasound studies are normal, it is pos- sible to monitor the clinical course and maintain an expectant conduct, for more invasive diagnostic methods. Furthermore, in a patient with known IBD and abdominal findings, US can be an alternative exam to monitor and follow disease.
